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PREFACE
This Design Package is submitted in accordance with
Ztem 7 of the Data Requirement list of JSC contract
NAS 9--14266 by the RCA Astro^Electronics Division
(AED). The material contains documentation for the
breadboard equipment both as configured for the
simulation testing and for the delivered complement.
The block diagrams and specification of the recom-
mended system axe also provided.
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T.	 TNTRODUCT20N AND SUMMARY
The detailed description of the effort performed under
contract NAS 9--14266 is contained in two technical reports
delivered at the Preliminary Design Review (PDR) and Critical
Design Review (CDR), First and Second Engineering Design
Reports respectively, and in the Final Report submitted jointly
with this design package.
The material contained in the four subsequent sections of this
package contains system descriptions, design data, .and speci-
fications for the recommended 2-view system. Section TT
contains diagrams relating to the simulation test configuration
of the 2--view system, System TTT contains descriptions and drawings
of the deliverable breadboard equipment. A description of the
recommended system is contained in Section TV with equipment
specifications in Section V.
T--1
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II. STMU^ATTON TEST SETUP
The simulation test arrangement ^.s shown in Figure TT-l.
The operator test set-up, ^.ocated to the right of the curtain
partition, is shown in Figure 1T^2, where the two l7 inch
monitors are used for view^.ng. {The deliverable equipment
will consist of two 9 inch monitors, rack mounted.)
^,
The camera, simulation apparatus, and control rack is located
on the opposite side of the partition. Photographs of the
simulator apparatus are shown in Figure I1^3. Figure II-4
contains photographs of the control rack and TV cameras used
to pa^ovide the two views of the scene. For convenience in
test sequencing the color camera {with chrominence off} was
used to provide the second view. The interconnection arrange
ment for the 2^-view system is contained in the block diagram
of Figure 1I--5. Note that a second control panel is included
to permit repositioning of the test piece during testing. This
panel is visible below the frame in the upper photograph of
Figure lI-3.
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III. DELIVERABLE EQUIPMENT
^.r
	
	
`.Phe deliverable 2-view breadboard system is shown in
functional form in k'igure ZIZ--?.. The major elements consist
}	 of the simulation apparatus, the TV cameras, and the control
`^"	 rack .
^^
?^`^
The simulator apparatus, designed and constructed by AED, is
documented mechanically by the engineering sketches listed
^^. in Table III-1. Copies of all mechanical sketches are contained
in Appendix A. The equipment is self--contained with the
Lexception of six power supplies required to operate the control
electronics and motors. These supplies are not included in
the list of deliverab^.e items (see Table ITT-^ for character-
.	 istics).
Electr^.cal documentation for the simulator apparatus is listed
in Table ZII-3. Engineering sketches generated by AED are
contained ira Appendix B; instruction sheets as available will
be delivered separately.
^w
Documentation for the deliverable control rack and camera
}
	
	 equipments are listed in Table III-Q. Engineering sketches
listed in the table are contained in Appendix C. Vendor supplied
items are described in instruction sheets or operations manuals
and will be supplied in a separate package.
Camera and ,ens instruction Manuals are vendor supplied items
and will be supplied separately. Interconnection wiring for
these items are contained in the rack interconnection diagram.
III^I
^	 !	 I	 I	 I	 i
TABLE IIZ^-1. SIMULATOR APPARATUS SKETCHES
MECHANICAL
X-Y Drive, Simulat^.on Test Mechanism 5K 2284406
Frame [2 Sheets] 2284378
Tie Member 2273452
Bearing Housing Details [2 Sheets] 2288013
Angle Strut 2273451
Spacers 2273442
Idler Shaft 2273456
Idler Wheel 2273455
Drive Shaft 2273450
Drive Wheel 2273446
Drive Wheel., Free End 2273447
Y^-Axis Drive 2288010
Spacer 2273454
Coupling 2273453
Rotation Drive & PL [3 Sheets) 2282449
Y--Axis Idler 2273443
Y^Axis Carriage 2282467
POT Mounting Details 2273458
Spring Compression, ^--Ax^.s Shaft Stabilizer 2273457
^^Axis Shaft 2273449
^--Axis
	 (Detail Parts)
	
[2 Sheets] 2273448
Ba3.1 Nut Adaptor 2273445
Jam Nut 2273444
Z^Axis Drive Housing 22$2468
Z^Axis Drive, and PL [ 3 Sheets] 2282450
Rotation Drive Details 2288000
Drive Wheel, Y^-Axis 2273471.
Gear, Modified 22'!3472
Y»-Axis Supports 2282707
III-2
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TABLE III^2. SIMULATOR APPARATUS POWER SUPPLY
REQUIREMENTS
USE CHAR.A.CTERLS.TLGS
X^Axis motor Travel 25 Volts, ZO Amperes
Y-Ax^.s Motor Travel 25 Volts, 10 Amperes
Z^-A.xxs Motor Travel 25 Vo^.ts, 10 Amperes
Logic Circuits 12 Volts, 1 Ampere
Logic and Lamp Power 5 Volts, 3 Ampere
Rotation Motor Power 24 Volts, 1 Ampere, Remote
Programable
III-3
i	 I	 I	 I	 l	 i
TABLE ZII-3. SIMULATOR APPARATUS DOCUMENTATION ..
ELECTRICAL
ITEM D.QCUMEN.T^^iT.LON/.^IENDOR PART
Interconnection Diagram -- SK 2288237
Simulator
Simulator Remote Control Box 228279
Stepper Motor Remote Control 2288238
Logic
Stepper Motor Control, Logic ^ 2273622
Board Layout AI
Translator Modules ( 3) STM 180001
SIo--Syn
Fore/A^t Motor SIo^Syn MC06I.-FCO$
Up/Down Matar Slo^Syn MC061-FC08
Left/Ri.ght Motor S7.o^5yn M062--FC09
Rotation Motor, Clifton 7805-AA
Precision
Switches [Speed Controls) SK 2288237
!	 !
TABLE III^4. CONTRDL RACK DOCUMENTATION
ITEM D.00UMEN.TAT.TON/VEND.O.R PART
Video System Rack Layout SK 2282789
Video System Interconnection SK 2288234
Diagram
Interconnection Diagram -- SIB 22$2790
Video Processor
Master Gain Module - 5K 2288235
Schematic & Assy
Gamma Select - Assy 5K 2282791
Gamma Select -- Schematic SK 2288236
Simulator Control 5K 2286792
AC Control Panel -- Schematic SK 2273623
Jack Panel Assy SK 2282793
RCA Processor Module [Modified RCA MT--557789
Gamma Amplif' & Clamp
Monitors/CONRAC SNA9/2R
Special Effects Generator/ WJ-5000P
Panasonic
Pulse DA/Dynair (2) PD 24l/A
Cameras/MTI (2) MTI^55
Zoom Lenses/Cannon (2) VlOX15R
Zoom Lens Control Boxes (2) 6--20161^N2
III^5
if
Figure ^^^-1. Breadboard Equipment Arrangement
IS^^6
i^. IV.	 RECOMI++LENDED EQUIPMENT
The recommended equipment complement, termed a 2-view
system, is shown in block form in Figure IV-l. The system is
configured assuming a single operations location, and may be
expanded to include several locations. For additional locations,
one or more additional. cameras allowing direct line of sight
by 2 cameras offset, in general., by 75 to 90 degrees is assumed.
The cameras will be equipped with zoom lenses with sufficient
range to provide an overall perspective of the work area at the
short focal length extreme and adequate detail at the long focal
length extreme. Detail will_ generally be adequate when the
smallest element of interest is represented by about 3-to-5
picture elements. Travel time between the two extremes should
be short so that perspective information is retained by the
operator after the close-up view is available.
Iris and focus lens controls are available 'and, as for the zoom, will
be adjustable from the operator control. station. Generally,
scene illumination should be such that the iris is several.(-
stops down from ma^cimum to provide good depth of field. Focus
adjustment will. not be critical, then, and repeated tweaking will
not be required,
Changes in light level will. be accommodated by the camera with
automatic adjustment of the ALC function. Depending on the scene,
this function may be operated in the peak mode, to prevent
highlight overload, or in the average mode, to permit better
visibility of the darker portions of the scene.
Gamma correction is also incorporated in the video channel.
to improve visibility of darker areas of the scene. This type
of circuitry "stretches" blacks and emphasises noise so that
high quality pre-amplifiers are required.
TV^I
ir-
^^^	 The cameras are mounted on pan/tilt units to permit pointing
at the work volume and Framing of the area (s) of interest on
.1^4	
close ups. Rates of motzon are variable to permit rapid ad--
justment and accurate settings where alignment aids are used.
cj;:
All remote adjustments are made by the operator at a control
-„	 pane.. Control. signals issued by the operator are encoded
and multiplexed with master sync signals in the controller
^-., electronics. These are fed to the cameras via a video coax
^^
	
	 lane (one line per camera where they are separated and decoded
for implementation of the control information.
^.
The video signal From the camera is fed via coax line to the
-_ .
^	 processor unit. The processor incorporates the functions of
line equalization, video switching and routing, and distribution
,^	 amplification. ^n general, a multiplicity of cameras will be
--	 used 2 at a time w^.th the appropriate video selected and routed
-	 to either of the two monitors..^..
_	
The monitors are mounted in front of the operator at a distance
^^'
	
	
permitting visual observation with no less than 2 minutes of
arc per picture element. At a viewing distance of 20 inches,
''	 a 9^inch monitor as employed. Adjustable brightness to at
^-	 least lDD foot lamberts is provided, with spot size no l^.rger
+^"	 than 0.7 of the scan line pitch to provide essentially full
-	 reproduction of the video signal.
`^`,
	
	
The following section contains the specifications For equipment
providing the required characteristics.
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j7.	 EQUZPMEAIT SPECTFxCATION
SPECIFICATION
FOR
A TELEVISION SYSTEM FOR CONTROLLING PAYLOAD AND EXPERIMENT OPERATIONS
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V.	 EQUIPMENT SPECIFICATION
1.	 SCOP^I
This Specification is intended to define the characteristics
of the TV system recommended for spacecraft use to control paylpads
and experiments * The specified two-view monochrome system was
selected as a result Qf ana^,yses, tests, and trade^o^f studies.
The Specification deals with the mayor elements of the egtxi^ment,
including physical character^.stics and mayor e^.ectrical interface
requ^.rements.
G .	 GENE RAT, REQUTREP^ENTS
The two-v^.ew system ^.s intended to provide telev^.sion co^rer^age
of remote operations. Therefore, the equipment shown in block
form in Figure IV-1 is divided intp local ^.nd remote segme^.ts
The cameras and pan/tilt units are remote from the operator
cvntroll,ing the operation., while the monitors, control unit and
processor are located iz^ the immediate vic^.nity of the operator.
While the general insta,ll^tian may consist of two or mare
two ►-view camera setups, it is assut-rEed that only the control
unit and processing complexity would be affected, and the
specified characteristics of this document would be largely un-
affected.
3.	 T'i7 C^'^ERA
3.x General.. The 'camera consists of a sensor assembly and a
zoom lens., attachable without disassembly of the sensor assembly.
the Lens ::contains motors a.t^.d drive provis^.vns to permit adjust-
ment Qf focal. length (zoom), iris, and focus. The sensor assembly
consists of tk^e light sensitive device together with scanning,
sign^.l amplifyring and processing circuit^'y; ^ynchrvnizing, timing,
and decoding circ^.i^rv; anal .power supply and conditioning ca.rcu^,ts.
1
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--	 3.2 Physical Requirements
r_..
3.2.1 Mechanical. The camera, excluding lens, shall occupy a
volume no larger than 5 x 7 x l3 inches and shall weigh a maximum
of ll pounds. The lens shall ^e attachable via a standard "C"
mount arrangement; a single electrical connector shall lae employed
for lens adjust motor dr^,ves. The nominal zoom lens is estimated
to add no more than 3 pounds and 5 inches to the 13Yinch long
	
^`	 sensor assembly.
	
-.,	 3.2.2 Optical. The zoom lens shall have a focal length range
of from l5^-to--150 millimeters corresponding to an angular width--
.	 of-view of 4&-to^-4.8 degrees. The open iris lens relative
aperture shall be f/2.5 or smaller. A minimum aperture range of
30-to^-1 shall be obtainable via the iris adjustment.
3.2.3 Modularity. The camera shall be designed with a high
	
'^	 degree of modularity to permit replacement of elements w1th a
minimum of set-up and adjust^.ment. The lens assembly in particular
	
-	 shall be replace^.ule from thy: exterior of the camera case and
will require no u,^justxnent, o-_her than focus, to achieve normal
operation.
	
•	 3.3
	
Functional ^ec^u^.^ements
3a..]w1	 SC^i^I
:n:r
3.3.1. ^.	 Directi ^:an. Tha ca?rura scan will be ^.n a direction
such that the sc^-l.ze u^w ^.l be ^;.^eadc^ut top-^to-bottom and left-to-
	
.. _,	 right as the sce:f ^ ^_^7 v-? ^^;•aF:r' „
^...
3.3.1.2	 Scan Li_:^e ^:^te., The scan rate (horizontal rate) wi11
	
^_ _,9	 _____._
-:
be nominally 15 F 139 scan lines per second. Phase and frequency
lock to the exter^zally pro,crided sync signal will be maintained.
t
I
i
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3.3.1.3 Field Scan Rate. The field scan rate (vertical rate)
will be 1/262.5 of the hor^.zontal rate or about 59.94 fields
per second. Phase and frequency lock to the externally pro
-	 vided sync signal will be maintained.
_	 3.3.1.4	 Scan Lines, There will. be 262.5 scan lines per field
resulting in 525 interlaced scan lines per frame, with a frame
defined as two success^.ve fields.
3.3.1..5 Aspect Ratio_. The total area occu^aied by the picture
will consist of four units of horizontal dimens^.an and three
^-	 units of vertical dimension, an aspect ratio of ^;3.
_	 3.3.]..6	 Scan Rate Tolerance. Refer to Federal Communications
Conunission standards far synchronization.
3.3.1..7 Blanking 2ntervals. Refer to waveforms in reference
3.3.1.6.
., _.
3,3.2	 Camera video Output
3.3.2.1 Pola.rit^. The video polarity, defined as the potential
of a black area of a scene relative to a white area, shall be
black negative.
3.3.2.2 impedance. The standard load impedance on the single-
ended video line shall be a nominal. 75 ohms. The output impedance
of the video line shall be constant to within +5 percent over
the useful video band.
3.3.2.3	 Com^aosite Signal. The composite video is the signal.
resulting from the combination of video and synchronizing (sync}	 `^
signals. (The location of the combining of the sync to the video
signal, internal to the camera or in the processing equipment,
V-- 3
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^	 ^	 ^	 ^	 ^	 ^	 ^
	=^	 is not constrained by the camera operation. The description of
the video level is given with the presumption that the signal
	
__	 is composite at the camera output.)
3.3.2.4 Levels. The blanked picture signal with setup, as
measured from blan]cing^to-peak white across the standard load
impedance, shall be 0.714 +0.1 volt (100 THE units). The sync
signal sha11 be 0.286 +0.05 volt (QO IRE units). The standard
setup is 7.5 +5 THE units. The composite signal, then, is nominally
140 TRF un^.ts from sync-ti.p to peak--white. (See document 58 IRE
	^ti	 23.51 fox method of measurement.)
	
-	 3.3.3	 Controls
:':
3.3.3.1 Camera Identification. The camera identification
and control information will be fed to all cameras on the sync
line. The camera controls wi11 operate only when the particular
	
'^	 Camera is addressed. The particular camera code number will be
established prior to installation, and after removal may be
	
-	 Changed by simple adjustment such as via plug-in board replace--
	
-^	 meat or switch setting.
3.3.3.2 Power. The camera power control ON signal. will result
in the application of power to the Camera (tentatively established
as +24 to +33 volts dc) . The pou*er OFF signal will. result in
the removal of do power and :urn the camera off.
3.3.3.3 Automatic Light Co1itral. Three-position control is
required. The camera modes resulting from the three-position
sl.gnal are ALC peak-P?ode, ALC Average-Made, and ALC Disable.
The third control signal shall result in disabling the ALC
feedback Loop and allowing the sensor to operate with maximum
sensitivity for any input light level.
i
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3.3.3.E Focus. Lens focus will be accomplished via this
control. The control information will result in the Lens
focus motor rotating to accomplish a closer or farther focus
position of the lens. The rate of focus adjustment will permit
complete travel in 20 seconds.
3.3,3.5
	 Iris, Lens iris adjustment will be accomplished
via this control. The control information will result in the
Lens iris motor rotating to open or clsae the iris in response
to the control information. The rate of iris adjustment will
permit complete travel in 1^ seconds.
	
Y,,,,	 3.3.3.6
	 Zoom. Lens field-of-view adjustment will be accom-
plished via this variable rate control. The control information
will result in the zoom motor rotating to shorten or Lengthen
Y	 the lens focal length, at rates sufficient to encompass the
complete zoom range in from 3-^ta-15 seconds.
3.3.3.7 Azimuth. This con •troL information will be decoded
by the particular camera being addressed and fed to the corresy
ponding azimuth/elevation drive mechanism. The decoded in-
formation will contain direction (left or right) and rate in^
formation. Power fox the azimuth drive circuitry (external. to
the camera) will be derived from, or controlled by, the camera
circuitry and applied in response to the camera ON/OFF control
signal.
3.3.3.8	 Elevation, This control information will be decoded
	
-:	 by the particular camera being addressed and fed to the corres-
ponding azimuth/elevation drive mechanism. The decoded infor-
	
-^
	 mation will. contain direction (up or dawn) and rate information,
Power for the elevation drive circuitry, `^hich is external to
the camera, wi^.l be derived from, or controlled by, the camera
circuitry and applied in response to the camera ON/OFF control
signal.
^.
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y;^-- 3.3.3.9
	 S aces.
	 Three additional control functions are assumed
r--	 .3 but not yet defined.	 These may include, fc,r example, test sa.gna3.
VY^^ ON/OFF ar heater power ON/OFF. 	 ^t is assumed that these signals
,,__., are bi^level in nature.
,^
3.4	 Performance
3.4.1	 Sensitivity.	 The camera shall be capable of providing
an output video signal-to^-noise ratio (snr) of 35 dB when the
camera is viewing a scene containing a highlight of l.0 ^foot-
^- lamberts.	 T^,e snr is defined as the ratio of peak-to-peak
_	
.-,.. signal to rms noise within a 2 MHz bandwidth.
	
For purposes of
this measurement, the rms noise may be considered as ^./6 of the
peak^to--peak noise.
	 The observation/measurement of noise may
exclude any coherent noise in the signal. 	 Aperture compensation
required to meet any of the following performance specifications
shall be operative for confirming measurements of this and the
°^ following performance elements.
r
-°-^ 3.4.2	 Operating Light Range.	 The camera must be capable of
- operating over a total scene highlight brightness range of l.0 to
- 10,000 foat^-lamberts.	 The snr shall be at least 35 dS over this
_ range.
3.4.3 Automatic Light Control. (ALC). ALC circuitry shall be
''	 incorporated to permit operation over a 1000:1 range of scene
:.:
illumination. When operativ?, the circuitry will function on
	
^`	 average scene brightness or in a peak mode (5 percent, or more,
	
^:	 field--of^view for pEak scene brightness).
	
,--;.	 3.4.4	 Iris Range. The operating range of the iris shah.
	
^^_;	 provide a light range of 900:1. A range of f/2.2 to f/^& may
be considered typical.F^..:
r.-.
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3.4.5 Dynamic Range. with the ALC in peak mode and the camera
viewing a static scene, the camera shall be capable of providing
an output signal, black-to-white, which encompasses a 32^to^-1
range of scene brightness (11 EZA logarithmic shades of gray).
3.4.6
	 Signal-to-Noise Ratia ^S NR}
,.
3.4.6.1 Non^Coherent Noise. The output snr shall be at least
35 dB for a 2 MHz bandwidth over the operating light range,
exclusive of any coherent noise components in the signal.
3.4.6.2 Coherent Noise. The ratio of peak-^to^-peak output signal
to peak--to--peak coherent noise in a 2 MHz bandwidth sha11 be at
.east 1000. (Compliance may be considered adequate if the
noise is not perceptible in a normally adjusted monitor picture.)
3.4.7	 Resolution
3.4.7.1 Center Resolution. The horizontal resolution sha11 be
at 1p^st 80 percent at 200 TAT lines. (The central vertical
stripes on a RETMA chart may be used for the measurement.}
Limit^.ng resolution as viewed on a monitor display of a RETMA
chart shall be 350 TV lines per picture height for the center
horizontal and vertical wedges.
3.4.7.2 Edge Resolution. Numerical values shall be 80 percent
of the requirements for center resolution. Response at 200 TV
lines on the corner wedges shall be 65^ and limiting resolution
sha11 be 280 lines per picti^,re height.
3.4.8 Geometric Distortion. The displacement of any element
in a center, S0^ ellipse, shall be no more than 3^ of picture
height, and no more than 5 p for the remaining area. (A design
objective shall toe less than 2d distortion for the entire
raster}.
V- 7
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a	 3.4.9 Shading. Black or white shading shall not exceed 100
within the 80^ ellipse and shall not exceed 20^ for the re^-
mainder of the raster. Shading is defined as a percentage of
the video signal in the center of the picture for a 300 nanoampere
output excursion. The measurement may be made neglecting, or
subtracting, the effects of lens produced shading components.
3.4.10 Power Consumption. The TV camera shall a:equire no
more than 15 watts for operation at x-28 volts.
3.5	 Environmental
3.5.1 Temperature. Environmental temperature conditions are
''"^'	 not specified.	 , however, that an extreme tem--It is assumed
perature range may be encountered and that heaters and/or coolers
-	
may be required to maintain a safe operating temperature range.
3.5.2 Operating Pressure, It must be assumed, for camera design
and modu3.arization, that for some remote operations, critical
pressure will be experienced. Potting materials and inter
connection should be designed for operation in any environmental
pressure. Approximately normal atmospheric gas content should
be assumed.
3.5.3 Vibration, Shock and Acceleration. Vibration, shock,
and acceleration should t^^ntatively be based on worst case
Apollo camera test values, seE ACA Dwg. Na. PS-226(}580.
3.5.4 Sun Exposure. Inadvertent imaging of the sun may occur.
The camera performance should recover within ane minute following
a maximum 30 seconds exposure to the sun, and undegraded
performance ; should then be available.
V- $
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4.	 PAN/TILT UNIT
4.1 General. The pan/tilt unit is a remotely controlled
azimuth/e^,evation mount for the Tv camera that permits control
of camera pointing angle from a remote location. The pan/t^.J.t
unit electronics will receive power via the command decade
circuitry in the TV camera. The camera will also provide
decoded azimuth and elevation signals to the pan/tilt unit.
4.2 ^sical Requirements
4.2.1 Mechanical. The form factor of the pan/ta.lt unit may
depend on the available spacecraft volume. A realistic maximum
volume of 960 cubic inches is specified as being representative
of a typical installation for a form factor of 12-by-10-by--8
inches. The unit weight shall not exceed 10 pounds.
While in orbit maintenance or replacement of a TV camera is not
a planned operation, the camera-to-pan/tilt unit interface shall
be of simplified design to permit emergency replacement. The
camera attachment mechanism shall permit replacement with no more
than a single special. purpose tool.
4.3 Functional Requirements
4.3,1 Coverage. The pan/tilt unit will be capable of travel
^^	 adequate to permit camera pointing which will encompass the
^-	 complete volume for the planned operation or experiment.
;-	 Limit switches will be employed to restrict the travel to the
desired range of elevat^.an and azimuth.
d.3.2 Rates. The typical, remote operation will require variable
rate operation of the pan/tilt unit. This function may be met
`	 with a continuously variable or a series of discrete step rate
increments. A range of 5--to^J, in rates is required.
V-9
4.3.3 Interference. The pan /tilt unit shall generate no
radiated or conducted interference that will be visible in the
TV picture.
4.3.4 Dr^.ve Quality. 3►+Iotion shall be smooth and free from
apparent jer3^iness as judged by viewing a TV monitor during
system test.
4.4 Performance
4.4.1 Azimuth Range. In response to pan signals with the
limit swatches adjusted for maximum range, the azimuth angle
will be adjustable to +170° from the nominal center {zero?
position.
4.4.2 Elevation Range. Zn response to tilt signals with the
limit switches adjusted for maximum range, the elevation angle
wi^.^. be adjustable from & 0 degrees be^.ow- to-9D degrees above
the horizontal ( zero) position.
4.4.3 Rates. Rates of motion for both pan and tilt shall
encompass a range of from 2^to^1Q degrees per second. Tf
discrete increments are employed to obtain this range, nominal
rates shall be 2, 3, 4.5, 6 . 7, and 10 degrees per second.
4.4.4 Power. The pan/tilt ^.znit shall consume no more than
10 watts when the motors are stationary. An additional 5 watts,
maximum, may be consumed for a motor drive when a painting
adjustment is being made,
4.5 Environmental. The conditions specified in Paragraph
3.5 are applicable to the pan/tilt unit.
V-1Q
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5.	 TV 1+?ON^TOR
5.1 General. The T^ monitor is the functional unit providing
the visual display of the remote operation to the monitor.
As such it provides the visual interface between the operator
and the scene. Therefore, primary emphasis must be given to
observer field-of-view, - brightness .and contrast range. ^t is
assumed "`or the following paragraphs that the observer viewing
distance is in the range of 15--to^-30 inches, with a 20 inch
nominal distance, and that surround illumination is low, or
controllable to a maximum of 25 percent of monitor brightness.
5.2 Physical Requirements
5.2.1 Mechanical. The weight of the TV monitor shall not
exceed ^.5 pounds. The form factor of the monitor will be
approximately rectangular in the horizontal and vertical planes
and will be contained within a volume of 8-by--8-by e-^.3 inches
(width^by--height-by--depth) .
5.2.2 Electrical. The monitor will employ an eight inch
diagonal, rectangular kinesecpe with P4 , phosphor. The nominal
picture format will be 4.$-by-6.^ inches. Normal operation of
the monitor will be obtained with a power source of 28 volts,
+ld percent.
5.3	 Functional Requirements
5.3.1 S ny chronizat^.on. The monitor must be capable of precise
lock to the synchronization signal. Two switchable operational
modes are required. The primary mode will employ a separate
75 ohm coax feed line carrying a composite sync signal to
permit monitor phase and frequency lack to the TV signal. The
alternate made requ^.res stripping of the sync signal from the
composite video line to effect the same result.
v-1 ].
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	 5.3.2 Controls, In addition to the sync mode selector de-
scribed above, operator accessible controls will include
brightness, contrast, and power.
5,3.3 Video. The monitor will be designed to receive the
video signal from a 75 ohm coaxial line. The monitor shall
^^	 provide a 75 ohm termination f:o the video line. Normal video
^	 level on the terminated line is 140 units of composite signal.
s
5.4	 Performance
^^	 5.4.1 Brightness. The monitor with imp3.osion shield and any
_
	
	
external front surface filter shall provide a highlight brightness
of no less than 100 foot lamberts, termed reference brightness.
The brightness level control shall provide an adjustment range
of no less than 20-to-l.
5.4.2 Contrast Ratio. The monitor shall provide a contrast
ratio of 10^-to-1, minimum, at reference highlight brightness
.,
	
	
with an incident surround light level of 25 foot candles. The
contrast control shall have a minimum range of 20^to^l. At
reference highlight, with low surround lighting', the monitor
shah. be capable of displayirg a contrast ratio of 50-to-1
minimum.
^..
5.4.3 Resolution. The horizontal MTF, without aperture com-
-	 pensation, shall be a minimu^ ► of 0.8 at a packing density of
-^°	 75 TV lines per inch. Vertical resolution shall be the same
as horizontal (circular spot cross section) except as modified
sa	 by the scan line process.
5.4.4 Picture ©uality. No low frequency streaking shall be
observable for a 100 percent video step. Ringing, undershoot or
overshoot, shah. not be discerzaible at transitions equivalent
to full amplitude at the system resolution of 360 TV lines
V-12
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per picture hezght. With a blank raster spurious background
patterns shall be less than 0.05 of reference br^.ghtness.
.:_
5.4.5
	
Geometry. Non--l.inearities in harizontaL or vertical.
	
^ .
	
directions shall be less than 2 percent of the format.
	
^.
	 5.4.6 Video Channel.. Tn addition to the requirs^Ants
imposed by the previous performance paragraphs, the video
	
r--	 channel shall. be flat to within L dB up to 5 megahertz at any
control. setting and shall. be  capable of full. kinescope drive
	
^ W ...
	 at 30 percent video Level..
5.5	 Environmental.
5, 5.l Tenn-serature. The moni.ior shall. operate within sped--
ficat^.on for an ambient of from 0--to^50 degrees Cent^.grade.
:,
,;
5.5.2 Operating Pressures. The monitor is intended for operation
in a nominal pressure environment. However, exposure to vacuum
for extended periods shall not result in degradation. Campl.ianae
may be demonstrated by L2 hours exr^osure at vacuum/temperature
extremes of --10 and x-60 degrees C
5,5,3 Vibration, Shock, and AccE
shall apply.
^^	 1	 ^	 1	 i
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6.	 CONTROL UNIT
	
-	 6.1 General. The control unit is the functional segment of
the TV system that enables operator control of the TV cameras,
generates signals for routing of video information, and
master synchronization of the system. Together with a companion
processing unit, which it is assumed will share a mounting
location, it provides all of the remaining electr^.cal functions
	
'^	 not contained in the cameras and monitors.
	
" ^	 6 . Z Pl;ysical Requirements
	v	 6.2.1 Mechanical. The control. unit will cons^.st of two parts,
	
.,^	 a contral panel and cont-rol electronics which may be physically
	
_	 separated. The control panel will contain the switches and
potent^.ometers necessary to prov^.de control information while
the control electronics wi11 interpret, format, and encode
the information.
The control panel. will. be contained in a volume of 300 cubic
	
--	 inches or less, consisting of a depth of no more than 2.5 inches
	
-	 and panel. dimensions of approximately 10'-by--l2 inches. Weight
	
,,	 shall not exceed 2 pounds.
The control. electronics will be contained in a package weigh^.ng
no more t:^an G pounds. The jTolume of the package wi11 occupy
a maximum of 300 cuk^ic ^inche.^ a.n a form factor such as
	
c	 6^by-- 8--by^ 6 inches .
	--°	 6.2.2 Electrical. Normal operation of the control unit will
be obtained with a 28 volt, +10 percent, power source. Power
	
a.^	 consumption will not exceed 8 watts.
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6.3
	 Functional,R^c^uirements
6.3.1 Controls and Commands. Signals generated by activation of
controls sha11 be divided into classes: (1) those signals causing
an electron^.c switch to be activated and thereby affect a video
routing or processing change in the processor unit, and (2) those
signals which control or activate the TV cameras and their
associated pan/tilt units. In the second category, with the
exception of the camera power (ON/OFF), all signals wi11 be
multiplexed in a format suitable fox' transmission over a
single 75 ohm video line and for efficient decoding at the
TV camera locations.
&.3.3..1 Power. An individual toggle switch will be employed
:.$	 for Each camera to apply or remove power, Power application
will be effected by act^.vating a latching relay to complete
the pow^^r feed circuit to a partipular camera.
6:3.1.2 Video Select. A separate video select pushbutton or
switch closure, shall be provided to enable selection and
routing of each video signal for feed to either monitor, to a
particular transmitter for earth or other satellite teed, to
a particular on-board video tape recorder, or any other as
yet undefined equipment segment requiring video information.
All video switching shall be accomplished during the vertical
blanking interval.
6,3.1.3 Gamma Correction. The gamma correction control sha11
modify the transfer characteristic of the video amplifier (s)
in the Processor. The range shall extend from a minimum of
at leas.:. 0.5 to unity (no correction), and is either continuously
variable or will have a minimum of three positions: 0.5, 0.7
and 1.0.
^;l
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6.3.x..4 Camera Identification. A camera identification,
assigned to each camera, will be selected via a control panel
switch, The camera identification number will serve to activate
a particular camera decode system to enable processing of
commands addressed to that camera.
6.3.1.E Automatic Light Control (ALC}.. A three position switch
is required to generate the multiplexed command. The command
will be issued at least twice and then be inoperative until a
change is initiated. After decoding, a latching relay arrange
ment will. establish the appropriate ALC mode: (1} peak,
{2} average, or {3} out s
 Reissuance of the same command wi11
not alter the operation of the camera unless a new mode is
ordered.
6.3.1.6 Focus. Two commands are required, one to focus the
camera lens closer and the other to focus farther. The control
will be via a single, return^to-neutral., lever type switch.
The command will be encoded and multiplexed with any other
simultaneously issued commands and executed at the camera sub-
sequent to decoding.
6.3.1.7 Iris. Two commands are wequired to open or close the
iris. Paragraph 6.2.1.6 is otherwise operative.
6.3.1.8 Zoom. Two variable rate commands are required, one
to shorten and the other to lengthen the lens focal length.
Coding for a minimum of 5 rates is required and activation
,;,. i
via a joystick control is preferred. 	 :,.^
6.3.x..9 Azimuth and Elevation. A single joystick control
will be employed to effect variable rate positioning of pan/
tilt. The amount of joystick deflection, horizontally and 	 ^
a
vertically will gener:^te information to be encoded and establish 	 j
the rate of adjustment. The information will be decoded at
<^
,^
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	 ^*^^,
the camera location and fed to the associated pan/tilt unit
for execution.
6.3.2 5^nchronization.
in the control unit. The
horizontal and vertical, ^
ments of Paragraph 3.3.1.
time division multiplexed
command intervals limited
routed to each camera via
The master sync generator is located
composite synchronization information,
ai11 be compatible with the require
The sync generator output will be
with the command information, with
to normal active video time, and
a 75 ohm coaxial line.
b.3.3. Levels. The sync and command information will be
combined to provide a normal amplitude composite signal of
140 IRE units. The sync amplitude will have the same-40 units
as f^^r the normal video lines Paragraph 3.3.2.4) with the
command information contained in the usual 1Q0 units normally
containing video.
6.4 Environmental. Paragraph 5.5 shall apply.
i
^^	 i	 ^	 ^	 ^	 ^
7, PRQCESS4R
7.1 General. The Processor a.s the functional segment of the
TV System that compensates for 1,oss in video lines, switches
and mutes signals, provides controllable levels of gamma.
porrection ` and provides buffer amplification of the video
	
T	 signals for distr^.bution to other locations. Together w^.th
	
'"'	 the Companion Control Unit it provides all of the electrical
functions not contained within the cameras and monitors.
7.2 Physical Requirements
	
_	
7.2. ^. P^echanical. The Processor wz.J.l. consist of an electronics
	
,;;_	 box with connectors for power feed and incoming control/command
and video signals, and outgoing video signals. The box will
be nominally rectangular in crass-section and have a volume
of 25D cubic inches, or lessr in a form factor such as
5-by^-S^by^-5.2 inches . The wE:ight of the box shall not exceed
	`^'	 5 pounds.
	
^^	 7.2.2 Electrical. Normal operation of the Processor will be
obtained with a 28 volt, +10 percent, power source. Paver
	
:,	 consumption will not exceed 5 watts.
7.3 Functional. Re uirements
7.3.1 Line Equalization. Termination of each video line
., (signal) at the processor input shall be provided. Buffer
amplification and signal equalization shall, be incorporated tp
normalize the signal. amplitude and compensate for any frequency
a.,....,..,a..,..^ ,.....^ i.._.,^^
^	 I	 I	 ^	 ^	 ^.
7.3.2 Switching. Switching of any video Line sha11 be accom^
plished in response to a select signal fed from the Control
Unit. Switching capability shall permit routing of each video
signal to either monitor, to an associated tape recorder, to
any operational transmitters, or any undefined equipment
segment requiring video information. Interruption and re -routing
of a video signal shall take place during the ver'..:.cal blanking
interval.
7.3.3 Ganuna Correction. The transfer characteristic (gamma)
of the video amplifier shall be adjustable in response to
operator initiated adjustments. The correction circuitry shah,
also function to maintain constant amplitude for a video signal
extending from b^ . ack^-to^peak white.
7.3.4 Distribution Amplifiers. Buffer amplifiers shall be
included in the Processor, for each output va.deo line. These
amplifiers shall provide 75 ohms sending end impedances for
each output signal to be distributed external to the Processor.
Each amplifier shall be designed so that a short on one, or
more, o£ the lines shall not affect the remaining amplifiers.
7.4	 Performance.
7.4.1 Frequenc^Response. ' The frequency response from a camera
output (input to the camera coax line) to the output of the
processor shall be flat within +0.5 dB to 3.5 MHz and +1.0 dB
to 5 MHz. Measurements shall normally be made with the gamma
control set to unity.
7.4.2 Waveform Distortion. Waveform testing and bar (half line
and half field) shall be used to establish waveform response
from the camera output to the Processor output. Measurements
with a 2T pulse shall result in an amplitude difference no larger
than 1 percent of the half line pulse. Distortion of the
^.
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1half line bar shall similarly not exceed l^, overshoot or under-
shoot, of nominal amplitude.
Distortion of the half field bar shah. be no greaten than 2
percent. That is flatness shall be adequate to maintain
amplitude at leading ox trailing edge of the bar to within
2 percent of the center^of-bar value.
7.4.3 Gain. The nominal low frequency gain of the video
channel shall be unity, +0.5 dS, as measured from the camera
output to the Processor output. This response shall include
the coax cable, line equalizer, gamma, and distribution amplifier
elements of the channel. Measurements shall be made with a
composite signal containing a full black-to^-white transition.
Gain shall be maintained for any va^.ue of gamma from unity to
the lower limit.
7.4.4	 Signal-to--Noise Ratic. The signal-to^noise ratio of the
video channel (camera output to Processor output) shall be no
less than 50 dB, peak-to-peak signal-to-rms noise. Gamma
shall be set to unity for this measurement.
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